Background/Aims: Polycystic ovary syndrome (PCOS) is a common endocrine disorder in women, and it is usually characterized by chronic inflammation, oxidative stress, and altered microRNA expression. The aim of this study is to investigate how the effects of iridoids with genipin stem nucleus inhibit PCOS complications. The interactions between iridoids were investigated, as well. Methods: The chronic inflammation cell model was induced using lipopolysaccharide (LPS) in the RAW 264.7 and KGN cell lines. Levels of mRNA and protein expression were quantified using real time-quantitative polymerase chain reaction (RT-qPCR) and western blot analysis, respectively. The target of the iridoids was identified using the drug affinity responsive target stability (DARTS) method. The ability to scavenge free radicals was evaluated using the DPPH radical scavenging method and the ultra oxygen anion (O 2 -) radical scavenging method. Results: The cells recovered from the inflammatory conditions and showed significantly decreased levels of interleukins after treatment with iridoids. The iridoids were demonstrated to target NF-κB, inhibit the phosphorylation and degradation of IκB, inhibit the nuclear entry of NF-κB, and inhibit the expression of inflammatory factors. Though only genipin showed an efficient ability to scavenge O 2 -, the iridoids, IκB inhibitor (BAY 11-7085), and NF-κB inhibitor (PDTC) could inhibit LPS-induced oxidative stress on the cells, indicating that the iridoids exert their anti-oxidant effects via the NF-κB pathway. The expression levels of microRNAs (miRNAs) were also altered by LPS, but the iridoids could scarcely rescue the abnormal condition. Conclusion: Chronic inflammation may be an important incentive for oxidative stress and abnormal microRNA expression in PCOS, and iridoids can protect patients from inflammatory damage by regulating the NF-κB pathway.
Iridoids with Genipin Stem Nucleus Inhibit

Introduction
Polycystic ovary syndrome (PCOS), one of the most common endocrine disorders in women of reproductive age, is often characterized by chronic inflammation, oxidative stress, and abnormal microRNA expression [1] [2] [3] [4] . Since it is known that there is a close link between inflammation and oxidative stress, elevated oxidative stress usually results from and leads to an inflammatory condition [1] . It is difficult to separate inflammation from oxidative stress, and it has been thought in recent years that they should be regarded as a whole foundation of disease occurrence [5] . MicroRNAs (miRNA, miR) are endogenous, non-coding, singlestranded RNAs that are 20-24 nucleotides in length and modulate gene expression by binding to the 3' untranslated region (UTR) of target mRNA [6] . Many studies have shown altered miRNAs in serum, follicular fluid, adipose tissue, granulosa cell, and other tissues, and a portion of them were shown to play important roles in both PCOS and inflammation [7] [8] [9] .
Eucommia Ulmoides is a unique Chinese traditional medicine that can be used in gynecology and obstetrics [10, 11] . Iridoids are the primary components of eucommia, with genipin, geniposide, and geniposidic acid being the three major components of the iridoids [12] . Genipin has been shown to inhibit inflammation induced by various chemicals in vivo and in vitro and attenuate related pathological characteristics, such as liver injury [13] [14] [15] [16] . Toll-like receptor (TLR), uncoupling protein-2 (UCP-2), cyclooxygenase 2 (COX-2), nuclear factor kappa B (NF-κB) and many other factors were reported to be involved in the process of regulating genipin in inflammation [17] [18] [19] [20] . Geniposide is also indicated to been efficient inhibitor of inflammation by regulating such proteins as TLR4, mitogen-activated protein kinase (MAPK), NF-κB, and nuclear transcription factor activator protein 1 (AP-1) [21] [22] [23] [24] [25] [26] [27] [28] . Thus, it has been considered that geniposidic acid also might have an anti-inflammatory effect, and the iridoids could be employed to treat inflammation in PCOS. Though many factors above are thought to be associated with the anti-inflammatory ability of the iridoids, no information regarding the specific target of the iridoids has been reported. The NF-κB signaling pathway is the core mechanism of the LPS-induced inflammatory process, and we focused on this process in this study to examine the anti-inflammatory mechanism of the iridoids and identify their target.
The iridoids seem to have the ability to alleviate oxidative stress in several conditions, as well, but to date, the immediate connections between the iridoids and oxidative stress have not been discovered [29, 30] . In this study, free radical scavenging experiments were utilized to evaluate the anti-oxidant abilities of the iridoids, and the oxidative stress condition of the inflammatory process involved with LPS and the iridoids was also investigated. We aimed to determine the source of the potential anti-oxidant effects of the iridoids. Furthermore, the expression levels of several miRNAs were measured relative to PCOS in the above mentioned inflammatory process.
Materials and Methods
Chemicals and reagents
Reverse transcription-quantitative polymerase chain reaction (RT-qPCR) Total RNA was extracted using trizol according to the manufacturer's instructions, and total RNA concentration was measured using a Nanodrop 2000 (Thermo, MA, USA). The RNA was reverse transcribed using the kit in Thermal cycler (Bio-rad, California, USA), and the real-time qPCR was performed using the SYBR Green system in an ABI 7500 (Life Tech, Invitrogen, California, USA), strictly following the manufacturer's instructions. Expression of target genes was measured using the 2 -ΔΔCt method, and the exogenous control gene was actin. Primers for microRNAs were purchased from Suzhou Ribo Life Science Co., Ltd. (Suzhou, China). The normal primers were designed using Primer 
Western blot
To obtain the protein of cells, the cells were lysed using RIPA and centrifuged at 12, 000×g for 20 min to collect the supernatant. Protein concentration was measured using the BCA protein assay (Thermo Scientific, MA, USA). Equal amounts of protein were loaded onto an SDS-polyacrylamide gel, electrophoresed, and transferred to polyvinylidene difluoride membranes (Minipore, MA, USA). The membranes were blocked with 5% non-fat milk or bovine serum albumin (BSA) at room temperature for 1 h and incubated with primary antibodies at 4°C overnight. Each membrane was washed with TBST three times for 15 min followed by incubating with an HRP-conjugated secondary antibody (Zhongshan Jiangqiao, Beijing, China) at room temperature for 1 h. Finally, each membrane was developed using an enhanced chemiluminescence (ECL) detection kit (Minipore, MA, USA) and visualized using X-OMAT BT film (Carestream, Toronto, Canada). The primary antibodies for TLR4, iNOS, IκB, NF-κB P65, Dicer1, tubulin, β-actin, and GAPDH were purchased from Proteintech Group (Chicago, USA), and the primary antibody for phosphorylated IκB was purchased from Abcam (Cambridge, UN).
Immunofluorescence
Cell slides for immunofluorescence were fixed using 4% paraformaldehyde (PFA) at room temperature for 15 min and washed in PBS three times. Next, PBS with 0.2% Triton X-100 was used to permeabilize the cells at room temperature for 15 min. The slides were blocked with 3% BSA at room temperature for 30 min and incubated with primary antibody at 4°C overnight. After that, the slides were washed three times with PBS, incubated with a secondary antibody (Zhongshan Jiangqiao, Beijing, China) at room temperature for 1 h, and stained with DAPI for 10 min. Finally, the slides were imaged using a confocal laser scanning microscope (Olympus, Japan) after being washed three times with PBS.
1, 1-diphenyl-2-picryl-hydrazyl (DPPH) and ultra oxygen anion (O 2 -
) free radical scavenging determinations, and SOD, CAT, GSH-Px, NO, and MDA measurements DPPH (≥98%) was purchased from TCI Development Co., Ltd. (Shanghai, China), and dissolved in ethanol at 0.05 mg/mL. Appropriate iridoids were added to react with DPPH, and the solutions were measured at a wavelength of 519 nm using an ultraviolet spectrophotometer (Soptop, Beijing, China). Ultra oxygen anion free radical scavenging determination, SOD, CAT, GSH-Px, NO, and MDA measurements were measured strictly according to the manufacturer's instructions.
Target identification
The target of the iridoids was identified using drug affinity responsive target stability (DARTS) method, which takes advantage of a reduction in the protease susceptibility of the target protein upon drug binding [31] . In this study, cells were cultured with the iridoids for 30 min before incubating the extracted protein with thermolysin protease.
Statistical analysis
All data are presented as the means ± SEMs and were compared by Student's t-test. Significance was set at P<0.05.
Results and Discussion
Anti-inflammatory ability of the iridoids in PCOS RAW 264.7 and KGN cells were incubated with either of control solution, LPS, and LPS plus the iridoid (genipin, geniposide, or geinposidic acid) for 24 hours. (Fig. 1) The results showed that the iridoids significantly inhibited the mRNA expression of IL-1β, IL-6, IL-10and iNOS (Fig. 1A) . LPS induction led to elevated protein expression of iNOS (Fig. 1B) in the RAW 264.7 cell line. Moreover, genipin inhibited LPS-induced over-secretion of nitrite in the medium (Fig. 1C) . In addition, the iridoids also had an anti-inflammatory role in the KGN cell line (Fig. 1D, E) .
Interleukins and iNOS are identified as common markers to evaluate the chronic inflammatory condition, and the iridoids showed efficient anti-inflammatory abilities by significantly inhibiting the expression of those markers. In this study, geniposidic acid, an iridoid with genipin stem nucleus, as well as genipin and geniposide, was demonstrated to be an efficient inhibitor of inflammation for the first time. The inflammatory process was induced in RAW 264.7 and KGN cell line (granulosa like tumor cell line), reflecting the immunological environment and the ovarian environment, respectively. An altered ovarian environment is an essential pathophysiological characteristic of PCOS, and granulosa cells are the dominant cell community in the ovarian environment, with roles in regulating the development of follicles and oocytes. Thus, determining the anti-inflammatory ability of the iridoids in the KGN cell line is important for the application of the iridoids in PCOS. However, it seemed that TLR4, the receptor of LPS, was not regulated by genipin and geniposide efficiently in either RAW 264.7 or KGN cells (for all online suppl. material, see www. karger.com/doi/10.1159/000484074, Suppl. Fig. 1A, B) , and it did not play an important role when the iridoids inhibited inflammation. Nitrite levels were used to evaluate NO secretion, which is a common marker for inflammation. Genipin did not efficiently inhibit nitrite secretion in the study because of the potential apoptosis effect. In addition, neither geniposide nor geniposidic acid had effects on NO secretion.
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NF-κB signaling pathway in the inflammatory process RAW 264.7 cells were pre-incubated with control solution, genipin (100 μM), geniposide (100 μM), or geniposidic acid (100 μM) for 2 hours before being incubated with LPS (2 μg/mL) for different times (0, 15, 30, and 60 min). The results showed that all iridoids efficiently attenuated the LPS-induced elevated IκB phosphorylation levels, the decreased IκB expression levels, and the decreased NF-κB P65 ( Fig. 2A) . 
In addition, LPS-induced nuclear transfer of NF-κB P65 from the cytoplasm in RAW 264.7 was also blocked by the iridoids (Fig. 2B) . RAW 264.7 cells were treated with iridoids of various concentrations for 30 minutes, and the lysates were subjected to thermolysin digestion. Though thermolysin efficiently degraded all the proteins (Fig.  2C) , pretreatment with genipin or geniposide could block the degradation of NF-κB P65 (Fig. 2D) . 
The NF-κB intracellular signaling system is known as a dominant paradigm for specific signal transduction molecules, regulatory proteins and gene activation in response to inflammation [32] . It is also regarded as the core regulating factor in the process of inhibiting LPS-induced inflammation by the iridoids. In the pathogenesis of inflammation induced by LPS, IκB protein would be phosphorylated and degraded immediately after receiving the upstream signals. Next, NF-κB P65 would be released from the IκB and NF-κB P65 complex, and it would be transferred to the nucleus to activate the expression of inflammatory factors. In this study, the iridoids were demonstrated to have the ability to block the process efficiently and protect NF-κB P65 from thermolysin degradation, indicating that NF-κB P65 was the direct target of the iridoids.
Free radical scavenging ability of the iridoids
The iridoids were utilized to react with DPPH at different rates (0, 0.25, 0.5, 1 mol/g), but most DPPH remained (Fig. 3A, B, C) . Genipin showed a slight ability to scavenge ultra oxygen free radicals, but geniposide and geniposidic acid did not ( (A, B, C) . Genipin showed slight ability to scavenge ultra oxygen free radicals, but geniposide and geniposidic acid did not (D, E, F).
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3D, E, F). In contrast with anthocyanin (an efficient cleaner of DPPH free radicals) [33] and Vitamin C (an efficient cleaner of ultra oxygen free radical), the abilities of the iridoids to scavenge free radicals could be ignored, indicating that the iridoids did not have efficient anti-oxidant abilities. 
Anti-oxidant ability of the iridoids in PCOS
Total SOD (T-SOD) activity was discovered to be altered significantly in both the serum and follicular fluid of PCOS (Fig. 4A) , but GSH-Px activity and MDA level were not (see online suppl. material, Suppl. Fig. 1C ). Cells were incubated with control solution, LPS, and LPS plus the iridoids of different concentrations for 24 hours. LPSinduced elevated SOD activity, increased HO-1 mRNA expression, and reduced CAT activity were inhibited by the iridoids in RAW 264.7 (Fig. 4B, C, D) . BAY 11-7085 and PDTC also showed the same effect (Fig. 4E, F) . However, LPS could not significantly stimulate KGN into an altered oxidative state, as none of the SOD or CAT activities changed significantly (see online suppl. material, Suppl. Fig. 1D) .
SOD, CAT, GSH-Px, MDA, and HO-1 are common markers to evaluate oxidative stress levels. SOD is the enzyme to transform the superoxides into harmless chemicals and hydrogen peroxide (H 2 O 2 ), and CAT is the enzyme to resolve H 2 O 2 . GSH-Px is the enzyme to transform superoxides and promote H 2 O 2 catabolism. MDA is the product of lipid oxidation. Though altered T-SOD activity was observed in both the serum and follicular fluid of PCOS, the results were completely opposite, which indicates the potential differences of oxidative stress between the systemic cycle and the regions. HO-1 was also regarded as a useful marker for oxidative stress in recent years because it was thought to play important roles against oxidative stress [28] . Though the iridoids effectively alleviated the elevated oxidative stress induced by LPS in RAW 264.7 as well as IκB inhibitor and NF-κB inhibitor, they could not scavenge free radicals efficiently, indicating that the anti-oxidative ability of the iridoids may be derived from their anti-inflammatory ability. In addition, KGN cells did not show significant altered oxidative stress after LPS stimulation, and this phenomenon may result from its much less intense inflammatory response.
Altered microRNA expression in PCOS
MiR-15b expression was observed to be reduced in serum in PCOS but not in granulosa cells or follicular fluid (Fig. 4G) . LPS efficiently inhibits the expression of MiR-15b in RAW 264.7 cells (Fig. 4H) , and it also inhibits the expression of MiR-223 and MiR-93 (see online suppl. material, Suppl. Fig. 1E ). Low dosage genipin could enhance the reduced MiR-15b expression. The roles of various microRNAs played in PCOS have attracted much attention in recent years. MiR-15b has been demonstrated to regulate cell proliferation and apoptosis, which are associated with some characteristics of PCOS. LPS-induced MiR-15b expression was consistent with that of PCOS, indicating that chronic inflammation contributes to the abnormal miRNA expression of PCOS. In addition, LPS could also inhibit the expression of MiR-223 and MiR-93, which were related to adipogenic differentiation and insulin resistance, respectively.
Conclusion
Geniposidic acid, an iridoid of genipin stem nucleus, and genipin and geniposide, were demonstrated toinhibit the inflammatory response efficiently. NF-κB was thought to be the target of the iridoids, and blocking the NF-κB signaling pathway was the mechanism of inhibiting inflammation. Chronic inflammation was an incentive of oxidative stress in PCOS, and the inflammation-induced oxidative stress status may be variable, depending on different conditions. The iridoids exhibited a low ability to interfere with oxidative stress, but their efficient anti-inflammatory ability provided a pathway to attenuate oxidative stress. (Fig. 4I ) Chronic inflammation also seemed to be related to the altered miRNA expression in PCOS, which was not strongly affected by iridoid treatment.
Cellular Physiology and Biochemistry
Cellular Physiology and Biochemistry
